Crude petroleum and heavy oil occasionally contain a certain amount of vanadium [1] [2] [3] . By combustion of these materials, the vanadium is released into the environment. The grater part of it is a toxic compound of vanadium pentoxide or a metal form of 5 valent vanadium (V (V)), but a small part is in the form of 4 valent vanadium (V (IV)) compounds 1, 2) . Both V (IV) and V (V) are stable in the environment and they have different biological activity. In these five decades, the toxicity of V (V) has been interested in and argued continuously [4] [5] [6] [7] , whereas V (IV) is not harmful but has possibility to be used for medicines, e. g. insulin mimetic drugs for diabetes [8] [9] [10] . When V (IV) is used as a drug, the toxic V (V) in the drug should be determined if it is contained as an impurity. Therefore, selective determination of V (IV) and V (V) has been required in many fields, such as occupational hygiene, environmental science, toxicology and pharmacology.
The author and coworker developed a selective determination for V (IV) and V (V) based on an HPLC method 11) , but the method has some limitations in application. The limitations originate in both physical and chemical weakness of the HPLC column. Strong acidic, strong basic and strong ion strength media cannot be allowed to be used with a feeble HPLC column, so that dissolution of a solid particle sample is very difficult. Due to this limitation, the variety of samples is restricted. In the present study, strong acidic solutions, those of 1M H 2 SO 4 and 85% H 3 PO 4 , were examined to see if they are applicable to the separation of V (IV) and V (V) on a disposable solid-liquid extraction column.
In a weak acidic condition, V (IV) and V (V) have different behavior, namely, V (IV) acts as cation as opposed to V (V) oxo-anion. Therefore an ion-exchange resin is able to separate V (IV) and V (V) in a weak acidic solution. An anion-exchange column was chosen to trap V (V), which was eluted by a strong acid as VO 2 + cation. Figure 1a shows the analytical procedure of the sample, which is dissolved by 1M H 2 SO 4 . The matrix of the sample solution is 1M H 2 SO 4 , which was chosen on the assumption that the vanadium in an airborne dust sample is usually present in oxide form. Because both V(V) and V(IV) oxide are soluble in a warm 1M H 2 SO 4 solution, the procedure could be applied to the analysis of most of the actual samples and to verify the purity of reagents for toxicology studies such as animal exposure experiments. Nevertheless, some types of samples, for instance ash samples from power plants or waste disposal sites, should be dissolved in other media such as HF or H 3 PO 4 ( Figure 1b) .
Details of the procedure for the present method are as follows: All analytical grade reagents, purchased from Wako Purechemical Ltd, Osaka, Japan, were used without further purification. Vanadium oxy sulfate (VOSO 4 · 3H 2 O) and ammonium vanadate (NH 4 VO 3 ) were used as standard reagents for V (IV), and V (V), respectively. At the first step, the both reagents were dissolved in a 1M H 2 SO 4 solution. The concentrations of these primary solutions were adjusted to 1000 ppm as vanadium and they were diluted to an adequate concentration with 1M H 2 SO 4 solution for the use. The pH of the sample solution, which is about pH 1, should be settled to a weak acidic condition, the pH of which is 3 to 4. A 2M sodium acetate (AcONa) solution was chosen for the neutralizing reagent, because the addition of AcONa to H 2 SO 4 makes the sample solution to be a sodium acetate/ acetic acid buffer, and the pH is buffered to 3 to 4, which is suitable for the separation of V (IV) and V (V). Troublesome pH measurements are therefore no longer necessary in the analysis and anxiety about contamination by the pH electrode is eliminated. The prepared solution is a weak acid but it has strong ionic strength, therefore the separation based on HPLC is not workable by the sample solution. After the pH was settled to 4, the sample was applied to preconditioned anion exchange column, Valian bond elute SAX/500 mg (Varian sample preparation products, Harbor, CA, USA). The precondition solution was 5 mL of 0.1 M/pH4 acetate buffer. The solution passing through the column was expected to contain V (IV) only. Vanadium (V), the other party, was expected to be trapped on the anion exchange column as oxo-acid anion. After washing the column twice with pH4 buffer solution, V(V) on the anion exchange column was eluted by 1M H 2 SO 4 as VO 2 + cation. The vanadium concentrations of the treated solutions were determined by means of an inductively coupled plasma atomic emission spectrometer (ICP-AES, Jobin-Yvon JY-138 Ultrace, Instruments S. A. Jobin-Yvon division, Longjumeau Cedex, France). The measurement parameters of the ICP-AES were as follows: Almost all V (IV) and V (V) were separated from each other and recovered in each expected stage, V (IV) in fraction #1 and V (V) in fraction #4. Table 1 shows the results summarized. HPLC data 11) are listed to compare with the present data. Two sets of solid-liquid extraction (SLE) data are obtained with the present method. Prepared sample solutions were 10 ppm concentrations. The present method provided a higher yield than the HPLC method, 90.6% V (IV) and 108% V (V), respectively. Data in the case of phosphoric are also shown in Table 1 . The procedure with phosphoric acid for sample dissolution is also shown in Figure  1b . In the case of phosphoric acid, potassium hydroxide was chosen as the neutralizer, and the basis of the procedure is that biphosphate/phosphoric acid is workable to the separation with the anion-exchange column as the buffer solution. The phosphate acid solution had some lower yields for V (IV) and V (V) but it would be applicable to particular samples mentioned above (Table 1) . Table 2 shows the dependency of the vanadium concentration on separating efficiency. In the prepared concentrations ranging from 0.17 to 3.5 ppm, good values for V (IV) in fraction #1 and V (V) in fraction #4 were both obtained in proportion to the sample concentrations. On Industrial Health 2000, 38, 91-94 the other hand, V (IV) was included in fraction #4 and V (V) was included in fraction #1. These values acting as determination errors, saturated at around 3.5 ppm, and then became progressively negligible by 35 ppm. However, the elution of V (V) was incomplete for a 35 ppm sample of which about 20% was still trapped in the anion exchange column. Concerning these results, the following conditions for determining the concentrations of V (IV) and V (V) selectively in a sample are proposed. The concentration of total vanadium in an analytical sample is required to be about 30 ppm or higher. The concentration of V (IV) is directly obtained by measuring fraction #1. The concentration of V (V) is obtained by subtracting the V (IV) concentration from the total vanadium concentration. It was proved that the present method has many advantages over the previous HPLC method; the present method provides a better result for each vanadium form, it can use withstanding strong acid media and does not need troublesome pH adjustment in the analysis. Consequently we can conventionally study vanadium content and behavior in various samples and circumstances by determing the amount and ratio of V (IV) to V (V) with the present analytical method.
